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I. INTHODOUCTION
letal cleening ss a factor in yorcelsin enaseling,
The quality of porcelain enameled surfgces deprends upon mery factors

*h es composition, the neture of the base metal, ‘Lo acthod of spplice-
tion, firing tewpsrature, snd the duration of the firing periocd, Lach of
these factors could te further subdivided, bul for the purposes of this
invesiigstion s re;orted herein, the factor of persaount importence is
the nature of the base metel, This factor includes not only the chemioal
composition of the metal btut also the charsoter of the surface of such
meotal. In other sords, theo pretreataent given to metals zust bLe specific
ind exact in order to brimg ebout a set of surface condltions thet will
prognte ood quality porcelain ensael,
tondardized practices of the industry with respect ‘0 preperstion of
motal surfaces.

Forcelain cnasel can be epplied to such metals as shoet iron, cest
iron, sheet steel, atainless stecl, copper, slwalnua end othor metels or
alloys, Fercentage-wise, the largest amocunt of enamcling is done on
oheet stoel.

‘or sheet iron and steel, the pretreataent of tiwe notal consists
cacontislly of three steps. The first step 1s concerncd with the removal
of cils snd greeses and is sccosplished by using hot equeous solutions of
organic or inorganie deteryents or emnlsifying agents that sttack the oil
fila end render it "soluble"™ to a degree, 80 that oubsequent rineing end

itation removea the oily film, After rinaing the next stey conuists

>{ so-called acid piekle, for the purpose of rewoving oxidised iroa

scele, IL usually is accomplished Ly fwsersion in aqueous aclutions of
either sulfurie or hydrochlorio scid, at a temgperature near 150°7 for a
period of five to fifteen ainutes, This trestaent is likevise subject
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to s rinsing operation in order to remove excess mcid, The final step in
the cleaning process is immersiom in a hot alkali solutien conteining
from 0,17 to 0,27 alkall as sodium orxide. This finel ctep is for the pur-
pooe of neutralising the effect of the ecid pickle,

Zheet iron or steel may elso te cleaned by snnenling, scaling, or
sendtlasting,

Cast iron anG stainless steel are usually prepared for ananeling
operations by blesting either with sand or steel grit,
Other apeciel sothocs for cleanins sh-et steel.

poereh of trade literature todey yields information on a good nume

ber of various rpecisl sethods of preparing metals, oither for eubseguent
poroelain enameling operntions, electrorlsting, or any other industriasl
purpose. Theoe special methods way or mey mot require the use of am
clectric current in order to amske them efficlient, 7.ls cheracteristie,
nunely the use of en cleetric current, affords a acthod of subdividing
these special methods for comsideration here, under the hesdings of
“napeelectrolytie® and “electrolytic” technigues,

1, Under "nomeclectrolytic® techniques there hes developed the followe

ings

8. The sowcalled *hielo" pil Gegresserl, which utilizes two degreaser
tonks, one consisting of mm elkeline solution of low alkalinity
(pft 7.5) end a second task having & rather bigh (yil 11-12) degree
of elkalirity, The resson for these two solutions 48 that the
Cegreasor of low slkalinity is esyeble of resoving the more Giffie
cult oxides of the drawing compounis present om the surfece of
the motal, After this task is completed, the ware Lo be cleaned
progresses through the second tank of high elkalinity for the
purpose of reaoving ol filzs and slndge, Next, the ware passes
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into a rinse; acid pickle and rinse; and finally into a neutras
liger, Just as in the cese of the coaven'icnal acid pickle,
‘osted metel plus e streea of oxyzen gus®. Thia 1s & mothod
shieh has been ceveloped for msikiing the clesning operstiom a
continuous one, It involves heaking the metal strip or wire to
s dull glow, below the emmealing teapersture, end while et this
temporature direct a atress of oxygen over the surface of th
notel in order to "burm® the 0ilelike reaiduce and other cop-
taninants wiich are resoved by subsequent brug:ing or sersping.

Cas pickling), which is snothor method desi:ned for comtinuoue

operations, consiate of Cirecting the metal atrip or wire inte
a fired chamber where a nixture of msthanc ges and chlorine
contdne to fora kydrogem chloride which attecks tho setsl swr-
face reaoving undesirsble oxides,
Fused enlta and alkalies hswve recently come into the picture,
The trade literature doea not iniicate speciiic uses for these
varicus fused sslt or alkali techniques. The fact that none
are listed at the present tine does not necessarily mosn thet
ses vill not te found for these techniques in the future,
These Tused alkalies snd salts are as followss
(1) 7otaseiua chroms'e cad yotsssius dichroceto 4, covered ty
a Coraen patent, is deseribed as & aethod for treating
metals of the irem group, Yo informgtion cxigte as to
what the beth of fused sslis will do with respect to clean~
ing petals.
Fused podiua hydroxide and fused sodius cysnide’ are des-
erited in a petent 1soued to Dupont. Thoeo materiele, ss
#selt mixtures, are molien at 3X=600°C end are used to
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remove oxide scale froa ferrous aetal ot Jecls, A eutectic
nirture of about 407 sodium cysnide end 607 sodima hydraxe
ide 18 recosnended for uss. The aelting proint of the salt
sixture 2ey be sdjuvsted by adding lindted waunte of other
selts such as cartonates or chlorides. ihe clesring yro-
cers may te aprlied to other metsls, as for exasple, brans
or copper or ey rther matal which w1)ll not roact with the
molten selt bath, Accoréins to the refercoces, treating
time of froa one to thirty ainutes usually euffices.

Sodins hydroxide plus sodium hydride®, 1s covered iy a

pelent assiroment to Dupont end is & mothod {or clesning
ferrous and noneferrous materisls, Ia this process,
sodium hydrozide 13 heated t0 I50=500°C and in this fused
stats astallic sodinm and hydirogem are added. by this
adcition, modium hydride becoses the eciive cleenaing
agent and it may vary from 1% to 207 with 2«51 proferred,
Hydroxides other then sodins say Le wsed, Approxiaately
fifteen ainutes is sufficlent to btring sbout the desired
cleaning action in this kind of salutiom.
Sotium hydroxide plus sodiuva a-h!.", oedn a [apont petent,
covers the une of molten sodimk hydroxide to shich sodium
nstal is scded as reinforcesent.
2e For "alectrolytic® techniques, inforastion is svellalle on two dis-

inct kinds, One kind conaists of sowcalled anodie or catiwdie

cleaning in acld media (possibly 'reinforeed’ by the addltion of

scltg) end the other consista of anodie or cathodle cleandng in

fusod nalts or alkalies, Sone of these are ss followss

8. ectrolylic clesning of metals in acid melis is dijscussed by
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anley®., These methods involve the soecalled snodie or cathodie
grocesaes., ln the cathode process, the firom 1s nade the cethode
and an insoluble azode is used with either sulfurie or Iydéroe
chloric acid sa the eloctrolyte. In operation, tho acid is eleo=
trolyred snéd the hydrogen relsased by this process 1s derosited
n the ware, This hydrogen reduces the oxides of iromn with the
resultant formation of ferrous sulphate. Im ‘iis process, oealy
the exides of iron are supposed to te attacked Ly the nuscent
hydrogen groduced, The andde process, dlacunsed Ly thls same
author, is very similer to the standaniized ocié plckling pro=
cess, The sare to be eleaned is made the snode and the clean~
ing tank becoses the cathode. During electrolysis, the cmrreat
at low valtege acemlerates the pickling action due to the ine
croased ionic sactivity., During the process, a thin lsyer of
irom is dissolved with the evolutiom of hyirogen as in the chen-

icel pickling process.

The Fullard Dunn’ teckinique consists of descaling steel articles

by saking such articles cxthodie in sn electrolytic circudt
using hot dilute sulfurie mcid solution ss the clectrolyte. Une
gran of stanpous sulfate 1s sided for esch liter of sulfuric
acid solution. A current density of between and &0 axpores
is required for sath square foot of metal surface trested. The
voltage 1s low, 6 to € volts teing sulficiemt. Therocver seale
is reuoved froa irom ty this technigue, e very thln leyor of tin
1s deposited,

The Eullard Dunn technique hes beem slightly modified by Levenl?
to lhe axtent that the stannous sulfats is not added to the
ecid but instesd there is sided a saall percenta-e of soliom




ealorids. This technique elisinates the possibility of tia
deposition on irom but in its place there is probelly deposited
sodiua forrste.

Uf the eleotrolytic techniques involving medis other than acide
a very recent development consiste of using mclisa sodiin
nitrate or & mixture of sodiua nitrate and potassius nitrals in
an iron kettle. 1This process is covered ty a patent aseigned
to americen Steel and Wire Coapenyll and invoives the use of am
electrie current {(d.s.) at s potentisl of 6 to 12 volis. The
ware o be cleaned is made a pert of the eletrie circult and
lowered into the kettls. ihe lsmersion tiae is ajproxisstely
90 seoconds, 1t 1s claised that oxldes on stecl are converted
to sodiua peroxide which 2ay be removed froa the steel Ly a
process of wesiing vith water, The svolution of nitrogen
oxides prevents sludge froa sdhering to the steol and the irom
kettle,

Another method of the atove type, of parifculer interest to the
prosent work recorded here, is the sowcalled ecloctralysis in

fuoed alkalies, Ihis aethod wes investicated Yy Evens of inge
land and reorted in Irom end Stesl, June 19442, The metiod
18 aleo Geseribed in & U.S, patent Sssusd to Urlym C. Talntoal’,
in February 1945, Eoth of tuese methods involve the use of
wlien slkall, such as sodium or potesaium ii droaide, in the

renge of 830°F, The ware to be clsaned is sude a part of a low
viltage direet current circult end is lowered intn the fused
slkgld for u short period of time. Tais particular technique
is degeribed in grester detall in subsequemt reges of this
report,




b

7
Reasons for the sslectisn of the electrolytic fused alkali technique as
e protles for inveetigation,

A review of the foregolng introductory material points to the fact
that considersble effort is being extended in order to find other methods
for the yretrestaent of metal, vhich methods may be more suitalle or
practical than the traditiomal acid pickle technique now predoainstely

uged in the jorcelsin ensmeling industry, '
X the syecial aethods that are enuserated in preccding paregraphs

consideratle work hes teen reported on electrolytic acid modda techni-uee.
11 of these s2id techniques etill evolve hyirogen, nyirocen in the
celsin ensasling field 18 considered as being oo he oauscs of
poor enawel adherence,

An analysie of the electrocheaical reections involved in the fused
alkall or salt techniquoe, vith or without electrolysis scess to hold
soue proaise that the 'hycrogemeoccludedsinemetaleprotlea’ could be
conaidorstly diminished as & fector and further thet such techniques,
because they are relstively new, aicht poseess sowething that would
enliunne the quality of porcelain ensscel ware,
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ile 1008 ISVISTIGATIMNS ON THE MLICTAOLYTIC F U ALEALY TRQURIQUE
eocnt epplications,

Current trade literature does not yleld too much information oo the
ajplication and suceess of the elsctrolytie fused alksli technique as &
aethod for preparing metal for subsequent onamolin:, ihis feot is not
too mrossonalle however shen it is conaldered that the {irst article
by Svuna® putlieising this technique sppeered only as ecent s 1944

In thia country, an electrolytic molten bath technlquo has had
207¢ moasure of success in the fleld of ametalurpy, jlatin '=-0pcrations
and netal cleaning as a resnlt of the prosotional vork of the Folens
CorporsticnlS. In fact "Steel® dagasined® of iay 1945 carried en
article wilch featured this technique end which clained thet this "Vew
oxidizingeroducing process rezoves colloldel graphite, thus facilitate
ing oubseuent rorcelain enameling of deep drasn sheet stecl parts®,
Thie i3 tho only reference that could be found to a poroolain eamseling
sprlication by the electrolytic moltem bLath procese.

The origin of the electrolytic fused alkall technique,

Fvans, referred to atove, reyorts that in 1936, e Dritish patent
(B0, 442,5%9) waa granted for a process for cleaning and cescaling
uotal by electrolytic ection in e bath of molten caustlo poda. ihis
nothod, as originally developed by the iethelehea Steel Corporation,
wos oucoessful for clsaning steel wire jrior to electro=galvenizing.
Thia coubined process of cleaning and rine plsting Locemo lrwown o8
"bethenising® and has beon used extensively in Great Uritein for the
production of yelvanised wire. The method has also boen sgrlied to
the Jososling of sheet steel, not as a preliainary to galvandzing tut
es n final trestaent shich confers a uild degree of resistence to ruste
ing for sn appreciable reriod, in contrast to the repid rusting whdeh
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follows piekling in seid. Gsing back to the originel Dritish patent,

the details of the meciffications in the patent sentions warious chesi-
cels for the bath, such as sixtures of sodlum and jotaseimm hydroxldes,
oodium nitrite and calecium chloride, Aiccording to Pvans however, the
only naterial used very sidely in this technique wes comercial caustio
ooda, Purther, sc~oriing Lo Evens, the ojersting conditions for the
tochnique are said to be s teaperature of 050°F (454.5°C), a current
jensitly of 100 amperea per gquare foot and an imaersion time of 10=15
asccondis, 7he metal to be cleaned wes made the cathode and the irom pot
oy tank was made the anode,
Jvastnges of tho electrolytie fused alkali process.
uoting agaln from the Fvans arilcle, referred to alove, the clece
4trolytic fused alkali technique was reputed to have the following edvan~
oss
1, "1t producvs s cleezer and more unifora surfece then cen te ottained
iy other methods, and conssquently allows the procduction of better
coatings, whether the steel is to be plated, timned, enszoled or
otheraise trested,
ihe consungtion of chezicels is ssall. (In the case of trecting
vire, os explsined earlier, -only 15 pounds of esustic oods 1s said to
be consumed per tom of wire treasted),
iho yrocess avelds the loss of welght which the steel undervoes ia
ec3d piokling, This may be an importent factor +hem exyensive alloys
are involved,
ae poture of the process proeludes the josaibility of eabrittlesent
© stecl through sbeorption of hydrogen,
1w uee of spprorriate salts and proper tewmperatures the steel may
¢ riven heat trestzent, such ss cnnnlh(', teaporing, ete., at the
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sane tine ss it 1s being cleaned.
The process coarletely clears metal surfates from all organic mater-
1al, #o that no preliminery degreesing step is nccessary.
The process csn be used in place of sandblasting in nearly all cases;
it is particulerly effective as a prelizinery to insyection to show
dofocts in welds, castings, ete.
teal cleaned Ly this process may te stored, trengyorted, ete,, withe
out the rusting shich occurs imuediately after acid pdolding., This
nakes 1t uwwmecessary to do the jickling imsediately btefore the article
is to be coeted, rersitting simplifiestion of manufacturing plant flow
sheets.”
n ovalustion of the claims end a stateuent of the otjectivea of the
ronent work,
review of the stove claims points to the fact that the electrolytie
fused alkall techmique jossessea the posalbility of improving some of the
standerd practices with respect to the pretreataent of metals for poroe-
lain enmaeling, The sain otject af the present investigation wes to find
tho nost favorsble conditions 0i tesperature, time and current censity
for casrying out the process. Having established ench factors it was
Coenod odvisable to cost the metal trested by this technique uwith a suit-
oble porcalain ensael and to fire such ensmel to maturity, Gsamples of
onemels obtained in this manner wonld be cospared sith sax:les of enmasl
obtained by using the seme enme) coatings on setal pretreated by the
standerd acid pickle process, The efficiencies or suitebleness of the
electrolytic fused alkall technique would be deterained by en sppraisal
of the enamel surfaces snd nubjeeting such surfaces to usual testa for
adherence,
Inssmch s the ¥olens Corporation, Detroft, Lichizem, furnished a
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supply of their oetal cleaning asterials for o= wuuumd work that
muw, va.ecmdwwm-wrhhnmdw-d
Sneargrlsm-lthunfmodm-liuotﬂqu ﬂmruumﬁuﬁrm—
ticable to do 9% The chounlcsls supplied by the ¥ol-ne Corporation were

found to give en alkaline rosction to pmnclpmdnm end methy) orsage

tost solutions and therefore,

foot that Ligh teapersture ard eloatrolysia
to do their work, hey were considered e alkali

this 1nvestigstion.




311, JIVERIMENTAL FROCEDURE AND DATA

Ae fMpporatus used $n the reported series of lnvestizetions.

Figure I, page 13, represents a echematic draning of the spparstus end
sceessorice used in condueting the meries of investi stions re;crted herein.
Tho epperatus is a cabinet iato shich there is bullt equipment for perfora=

ing three related tasks, which tasks could very well serve as sones for cone

sidering the experimentsl setup, From a gone of point of view the asperatus

consists of as followss

1.

2e

leating or melting wone. (Figure I, jege 13)
The melting jot (item 3) is constructer of foryed steel app -
oly 1/4 inch in thickness, The yot dimensicno aro eix inches in
disncter and seven inches in depth, convenient apron surrounds the
ot st its top periphery.

This pot ia encircled by meana of s shielded electric heating wnit
vhich 4s connected to a 220 wlt alternating current line and the cire
cuit is controlled Ly means of a four sta:e stove sultch (high, medium,
low end off). The switch is portrayed as item 2,

Then the jot is cherged with osustic alkali, it requires spprode-
netely 1000 grass of material, This quantity of materiel will reguire
8 heating tize of one hour with full current in order to bring it to
a nolten or fused state at a texerature of 800°F, Texpersture recorde
ings are nade by noans of a Leeds-lorthrup potentiometer end the millie
wolt realinss cttained in this asnner are comverted to tmyereture
readings in degreea, The ssnusl swilch allows tho togersture to te
oontrolled to sithin plus or adnus ten degrees Fohrembeit if a careful
Job 1s done in wetching the hesting rate.

Low voltage direct current supply. (Figure 1, pee-13)
The electrolysis thet occurs within the pot is accum lished by




FioumreE 1,
SCHEMATIC DRAWING OF APPARATUS
USED FOR PREPARING METAL SUREACES
IN FUSED CAUSTIC ALKAL}.




b7 3
mouns of a low voltage direct current suyprly oltained by rectificatiom
of 110 volts elternating current, all the equijment for which s withim
the lower sliding cabinet.

The 110 volts, alternaiing current, is tepped off the three wire

iroult through a discooneet plug (item &), end lod into a trensformsy
(1tem 7)o The stepped dowm voltage 1 rectificd ly moens of a copper
oxide rectiffer (item 8). The divect current voltago is controlled by
mosna of a variable rheostat (item 9), and the entiro current ends in

another discoancet plug (item 17). :

The rectificetion eircuit is mede complete by mcans of a toggle
switch (item 5), which om closing, lights an incendescent lamp (item 6),
over the instrument penel and it als¢ causes e soall elecirie fun
(4tom 14), to operste in order to cool the copper oxide rectifier.

The electrulytic circuit. (Figure I, page 13)

From the discopnect plug (itea 17), the low valtage cirouit con-
tigues te a double pole doulle throw toggle ssitch (item 10), mounted
on the instrument pansl. One sicde of the circudt iz lead through a
shunt (item 11), scross shich there is connected a center sero asseter

(1ten 13), celitrated in emperes O=25 for “recucticr! in one direction
nd D=25 for ‘oxidetion® in the other direction., A voltucter (item 13),

is connected scross this low volteie line, O(ne end of the direct cure
rent eircuit is grounded to the melting pot at position (item 15), and
tho othor side of the eirouit terainetes st a binding post (item 16),
vhich s fitted up with & movable arm. This movable arm peraits a
flexible wire cord to be elipped onto the metsl traciwt~like holder.
This bracket holder is insulsted from a eable widch 1a directed through
a rulley syported on a framework over and in=line with the melting pot.
The ostle allovs the bracket %o be raised or lowered into the moltea
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alkali, The vork or metal under test is placed in the notches of the
tracket in such a manner thet the teat plates are iwid in a vertical
osition end such plates are exactly the same digtamnve emsy from sach

othar,
iring disgraa of the experimental setup.
Figure 2, page 16, trays dlasgrametically, the wiring connece

‘or the entire physicel setup, lach componeal casries a numer-
fcel draignation shich corresyonds to the position of the equipaent in
the schomatic érawing of Figure 1, pege 13.

crials uoed.
1. Cleaners,
The fused alkalies used in the series of investigetions reported
in this work were three in nusber es followss
a. Coustio alkall commercial grade, which is referred to s alkald "A"

in the rejort of tests which follows herein, The comyosition of
the commercial grade, slkali "A® is as follomst

Sodiumm Hydroxide 98,108

Sodium Carbonate 0e50%

Inert In;redicuts 1.40%
Froprietery clesner, labelled Foleme Ko, 1, was obtained from
Kolone Corporution, letroit, iichizan, This meterisl is referred
%o a3 alkall "E" in the report of test procedores and results.
Tothing is known abtout the compogition of Lhe muterial except thet
it is received for use in steel drums end in the forn of chipe or
flgkes similar to commereial flske cauatic elkall and that it
hydrolyses in water to give sn sllkaline resctione
Froprietary cleener, designated Foleme Ko, 4, obialnod e;zain from
the Foleme Corporation, is received in the form of a a02id mass in
steel frums, A faint blue cclorstion perasestes the solid structure,
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This materiel is deaignsted as slkall "C" in thls report for the
resson that 1t isparts a pink coloration to phenaljthalein,
Jetels,

The metals voed in the serics of investigatione consisted of stend-
ard ehieet steel enamelin: stock of 22 gange. The test rlates were cut
fros a standard sipe sheet into 2 ineh Ly 4 inch siso test plates., Ihe
stainlesa ateel used, is known as nusber 32" stainless, snd it 1ike=
wise was used in the fora of 2 ineh by 4 inch test plates.

cid iekling,

henever it sas necesasary to turn out test plates of awet steel
for en scid plekle control, ths materials used urd procedure followed
for suweh pickling wes identical to that prescribed for this techaique
Sn Andrexs and Cookl’, "Smemel Laboratory ‘snusl” Tsble 7, page 21
therein,

Inanels.

In the serics of investizations conducted on the various metal
test plates, the eflicliency or the pretrestaent given %0 such aetal
plates was besed prizsrily on the tehavior of porvelsin enszels opplied
to the plates. Two types of snemels were used. Tho sheet steel plates
wore covered with s cobelt ground coat and some of the plates were
covered with an antisonyefree single shite cover coat., Ihe cingle white
cover coat was also applied to the stainless steel wpeciunens uged in the
idnvestigation,

The cobalt ground coat used had the following ~ogpositiomng

.Mﬁﬁ'&u 2.0 '.S‘thum'
LOPER cecacocncesccccces Je )e75 Borex

Marbe cccecsccaccscsace 17,90 45¢ 30/
Soda Ash escvsesccecceese 6 \
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Irit Datch (continued’
Cobalt Ox1dP cccccccrcssa 050 Fineooss =) gruwe on
':’M m I XY IR AR Y AN Y ] o.m m n-‘ *
Gen aneee Dioxide ...ceee 1.00 Fire 1550°F for 3 minutes

ke sheet stecl white cover enamel, sntisory {ree, hai the fullowe
ing compositions
100 1b. No, 1300 Chicago Vit Frit
11/248 Opax 21eil Finenoss =4 grens on
1/8f Seélum nitrate 200 moshe
38 ater Fire 1520°F for 3 misutes
herence Teating.

All tests for the eiierence of enamels were conducted using the

apparatus described in increwsl® *inemwis” page 352, by shich the teat

ploate receives an impact from a felling weisht wiich weight is cirected
onto the plate ty means of s pair of upright guide rods, ihe degree of
engee]l adierence wes deterained by comparison sith a set of standards which
we agreed pon in advente as being satigfactory for chmael athorence jere
forarnoe,

cneval Ia‘oruation on Experisental iiethodss
1. 7beo electrolytic effect,

The experimentsl apparatus, as described in Cection 11X, A,
efforded en oyportunity to investigate thae relative acrit of wverioes
alkali substances & a asens for cleaning, descalin: end surfacte cone
ditioning metals sach as sheet steol and steirless gheetle

This was scoosplished by first placing a quentity of alkell
aaterisl in the irom yot of the spparalus. The heatin; clouent was
turned on and after s one hour heating period, the alkall wes in a
fused or molieb stale, ais wes explained eariier, Lhe temperature of
the fused slkeli was ceternined Ly asens of a Leedpwiiorthrup jotentio=
zoter, w0 Lempersture ranges were employed, one abt GOOPF & 10°F
and 90FF ¢ ';.D“h
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Dy sesns of ¢ movable overhead brachket, Lest pisces of metal were
lowered into the fused alkali, The irstket bholder forwed cne side of
the low voltage direct current supply. The eleciric cireuit for eles-
{rolysis was controlled by means of toggle switch aliich permitted a
change of polarity withis the fused alkali.

The resultent electrolytic effect sllowed the following chemical
reactions to oocurs
a. The electrolysis of caustic soda (essuming thet the fused slkeli

was essentislly sodium hydrexide) to produce sodius metels
be The reduction of irom oxide st the csthode by sediumg
. The reforsation of sodiua hydroxide.

The preseding series of effects can be produced at will st either
the anode or the eathods withia the electrolytic eell Ly simply come
trolling the direetica of ewrrent flow. Thup two cycles ave poseible,
which, fer the purpses of this favestigation are celled 'redustics
ayele® and ‘oxidatiom cyele’,

The ‘reduction’ gycle consiste 4a meking the were to be cleaned,
the esthode ia the proesss. Tuis is prestically eerouplished, by meens
of the earerimental spperatus used, Uy sleply ;licing the metal test
plate between the notches of the metal brasket suypport. The brashet
13 nade the satheds by flipping the toggle seitch om the instremest
panel board of the spparatus. The metal then as cathode is ‘redesed’
by reeson of the sodimm fems of the elestrolytie solmtion attesking
the oxyzen of the exides of irom that exist as seale or rust on the
motel and which are cemaidered wadesirsble. The result of such redme-
tiom treataeat is to cause vislemt asticm te tale place co the surfese
of the wetsl, Such astica sam De cbesrved a9 & gasecus stresa cecwrT=
ing en the faces of the metel snd the wpper edge of the mstel shieh is
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prentieally visible during the process. themn the test speciosn is re-
soved for exaaingtion, efter rinsing with live steas, the picos of
mstal 1g free of iren scale or rust end has a decided netallic grey
eolor similar to the color of sheet iron which 1s cleaned by the eeid
plekling technique,

The %oxidstion' eyels consists in estsblishing elsctrie palarity
80 thet the metal bracket, shich contains the ware, is made the ancde,.
Them thie 1s done, the piece of shest iron is oxidised by the hydrewyl
ions end oxygem ioms of the slectrolytio solutiom and es a result ome
or more oxides or hydroxides of irom are formed which fmparts a derk
discoloration to the piece of iron., The degree of discoloration ov
or oxide formstion is function of tise, temperature end curremt dessity.
in other words, azy shede of color, froa gray, bLromm, red, blus or blesk,
or conbingtions of thess colors ia edlerful mceeics ¢an de affected by
simply ceatrolling the varisbles ss emumersted ia the preceding sem-
tenoe. :

A conaideration of variables thet would iaflusnce labarstory jrocedures.
in examination of what has Leen reported eo far would indiecste
thet sany festors and wvarisbles and spesific bLebavior of the spparetus
would heve to be talea inte scesunt ia estadiishing a ssguemce of ime
vostigational operstions. Ia their erder, thess experimental consider-

etions aight be listad here ss follews:

6. The operatiag cherseter of the lsberatery eprermtus,

bte The performemce of the sejarute slkali substences under differeat
conditions of tesperature, slectris pelarity, voltago sad eurrest
Sonsdige

[ mmtammumuuvﬁmmm
uhile teing treated on an oxidation or a reduction cyele,
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d. The effect of tias, temperature, voltage, current density, exide
tion or reduction treatasmt, amd method of clesning for sheet irem
and stainless steel and how such surfees tresiment influsnces the
quality of porcelain emameled surfaces.

oo The effect of enamsl composition, firing range, sad durationa of
firing tise on metal which has received a sypecific surface treat-
ehbe
hocordingly, a series of experimental investizations were setup

in schedule form end are reported in 3ection I vhich follows herewith,

£, Jequence of experimental procedures.
1. Irelisissry favestizations desipned to deteraine the oparating sheras-
ter of the experisentel apparstus.

fe Cherging the apparetus sith cauvetic elkali,

In charging the working pot of the apperatus «ith ceustie
alkali tue separate wethods were followed., Tha first wethod com-
aisted of pouring inte the pot ¢ 1500 gram poriica of csistie
alkali in ene aperation, The other method consisted of first fille
ing the pot with a 500 grea portion of csustic alkalli snd them make
ing additions of 500 gram porticme watil a total of 1500 grame wes
4n the pot, OF the t wo methods the latter msthod proved te be the
aore satisfeactory for the ressom that it afforded a chamse for the
hest of the solution to essist melting the solid slimld,
Datoraimation of averuie heating time,

On the average, it required usually one and cme=half hours at
full heating eapacity to melt a fresh batoh of flake caustis aldali
snd $¢ hawe sush meterial reesh a tespersture of 750°7, Ia the sase
of rebeating the s0lid mass of caustie alleli, the heatisg time
neods %0 be increased L0 twe heurs ia erder to resch the sane ten-
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perature, Both heating rates required the full cwrrent as afforded
bty the "high® position on the fourepoint stove regulating switch,
The moltem caustie can be kept in e solten condition by covering
the ot area with s piece of transite lnsulsting board snd maine
taining the hesting eleasnt on the "low" pesition of the heat eon~
trol switech, The design of the pot 1s such that om heating the
wolten alkell the intermal expansion siwply reises the level of the
caustic alkeli without any damage to the pot or without exy suddenm
explusion of the alkall due to the sccumulated healing effect,
Exvessive vapors.

Ko noticesble asount of vepor oceurs until the fused alkall s
in the temgersture range of 700°F to 800°F. it that tesperature
there 1 a certaim avoumt of cbmoxious wepors soaing off espeeially
in the cuse of the proprietary cospound alkali “C" gs used ian this
work, Vestilation of the workisg ares 1s mecessary while comdusting
experimsats,

Hethod of holding the ware during clsaning.
At the outset of thie investigational work it was desided that

the method se reported by Fvans, whish sspleyed Lus bars snd bolted
strape to hold the were, would aet be followod for the reesen that
it was thought to be more desireble to reprodues the rreductien
1120 setup as used 1a elestreplating vhere the were 1s suspended
froa en elostreds inte the solutiea,

The first asthed uwsed eensisted of simply suspending the ware
mwmw-«.max,umm-.tw
& oopper wire leeding to the side arm essmeetor of the 10 velt
current swpply aystes. This msthed was not satiafestory for the
reason that exvessive heating cansed the sime pleting of the spring
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elip to drain over ithe ware. The spring olip alse decaso covered
with alkall meking it diffisult to remove the ware shen such were
was removed [roa the pot, Usiag the spring ¢lip wethod aleo e
sulted 1a clip marks appesring as a stain on the test plates.

The foregoing method wes set aside in favor of a piece of
spperatus shich consisted of a pair of hooks made of steel wire and
formed in such g manper that a test plate eculd be lald seress the
two 'fingers’ of the hook=like arrangement. This method permitted
the test plates to rest in e flat positiom with respect to the
sclution, The two hooks were mede fast 10 & pisos of irem designed
for ite woight and its ebility {0 serw as a junetiom for the two
steel hooks, This method was a little more satisfactery than the
spring clip, It still Lad the disedventeze of reraitting only ome
test plese to be cleaned at ome tize end further it persitted the
outsids of the test plate to be stained by reeson of the burning
offect of elestrolysis.

Eecause the two steel fingers would mot adequately support
the werk during eleetrolysis, (ss was made evident Ly the stelming
that coeurrsd om the underside of the test plates), & new method of
supporting the work wes devised wiich consisted of a metal brashst
support as indiested ia Figwe 1, page 13. This brecket holder was
very sstisfactory for several reascas. (ne laporient ressem that
it was satisfactory 1s that it eliminated the stalning, imether
roason ig thet it tripled the nusber of plates thst could be treated
at one tisze and finally it was satisfestory becawse the test plstes
were in a verticsl position with respect to the slestrelytis sele=
ticn shich persitted a certaia sesmt of draimege Guwring the eles-
tralytie prooess.
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Rinsing operation,
After each electrolytic or cleansing cycle, the test plates,

upon removal from the cleaning solution, were costed with alkels,
loose scale end Sponge irom or irom oxide dust. At first thess

test plates were trensferred from the working pot by means of a
pair of foreeps snd then cleansd by lasedistely planging the
coated ware into cald water as recozseaded by Pvans, This methd
was not eatisfastory for the ressom that violont spattering
oceurred and the csustic alkall end loose scale wes not entirely
removed by this process. ;

The foregoing method of rinsing was alightly lsproved Yy
imeraing the test plate first into a tenk of nearly boiliag
water followed by vigorous rinsing ia another tenk of bollimg
water, DIven this method ¢id mot entirely recuse the spattering
effest end oceasicaally the ware ses not cleaned as well as it
should be, due L0 either insufficient rissing tise or rinsing im
the water shiich had bullt up a degree of alkaliaity due to en~
cesaive use,

The sethod that proved most satisfactory for rinsing com=
sisted of slwply resoving the ware by messng of the foroeps and
allewing such ware to cool elightly im eir, The length of tiame
pocessary for occling was deterained by cbesrviag the slisht
solidification of alkell on the surface of the metal. As soem e
the alkali took en a moticeshls ‘set’ thc test plate was held
under a jet of live stean, The test plate was turned as neoes-
sery duriag thie stean treatasst in erder to remove all seale
and sludge, In using live stegn, care must be taken 5o es ned
10 use stesa whish has besn senmtesisated with cil ss might be
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the ease where high pressure straa was first used in pover plant
work and then the low pressure steas made avallable for slessing.
fteen, contaninated with oll, lesves a residus ca the steel plates
shich interferes with subsequent good enmmeling practiocs,
Storage of test plstss,

A1l tsst plates, after clesning end rinsing in live steem,
were trazsferred to a lerge dessicator, 7The dessicator had beem
previously filled with the necsesary ssount of arhiypdrous celeius
ehloride which served as the drying agent,
Reacval of oil films,

Fiecss of sheet irom were pilven a light coating of lard il
prier to their being insersed in the fused csustic alkall, Caly
a few seconds were nesessary o decoapose sil reacve this oil
filn, 7Ths hesat of reastion was sufficient to "turn® off the o)
with attendart vapors exuding from the pot. o slectric ewrrest
was RECENsETY. mmmmmmum-t
metal that were clean or free of oil to a degree that no wetting
of surface occurred whea such plates were immersed in clean hot
water.
flouoval of seale of exides of irca,

Posed camstic alkall, sithout curreat, is mot effective ia
removiag desp seated irem exida soale, Ia facl, ot even guper-
ficial sesle 1s renoved by this teshmique.

Then test plates with iros oxide areas am it's surface were
Samersed in hot alkall, om an "oxidation® cycle end for a peried
of two aimutes, such treatasat failed to removs the oxide layer.

I order to resove iros oride from sheet steel, it wes
pecessary that the test plates be subjected to & °"redoction®
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treataent and that the teaperature of ths alkall be at lesst
T00°F and the tine of trestmmnt at lesst two mdwutes.

Effect of high teapersture end oxidizing conditions on sheet steel,

Teat plates were treated by mesns of o reduction cycle and
ouch test plates were then raised from the solution until the
Jower 5elf only remained in the electrolytic selution, TWith the
elsctrolytie zirenit off, the upper portions of such test pletes
ware "bluesd® Ly eimply being held Lawdiately shove the hot
oaugtic alkall level, thus glving en indloaticm as to the smoumt
of heat and the teaperature st waieh the beth operates.

This blneing effect could only be resoved by re-imsersisg
the plate in the electrolytic solution and heving it teke om
snother reduction treatuert, Io other words, the heat of the
alksll solution was transfarred to the eireexposed portion of the
tost rlate and the oridatiom or "blueing® ocouwrred wnder those oome
@1tions, This pointe to the fact that the ware sust be completely
lmsersed for slectrolytic trestasnt snd after sush treataent it
must be completely reacved from contast with the solutiom or sles
this blueing will occur,
Effect of staisless stesl om the fused alkall solutiom,

It was found that if e pot of slkall which haed been used fer
cleaning and surfece tresting sheet irom or steel was alec veed
for clesning or preparing stainless etecl, then such alkali womld

be contaxinated by the chroxium or niskel of the steinless atesl
o that sudsequent sheet from metal oleaming in that pot ses iee
sfficlent, The degree of imefficlemey waa in proporticn to the
asoumt of contasinstion by the chromius end nickel in the form of
hrmuﬁnnhh. The hydroxides of chromiwa end nieksl
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iaperted a floceulent precipitete to the fused alkaell bath, This
candition required thet the alkali bath be used exslusively fer
either sheet steel or atainleas but mot both,
Easards of fused alkall,

Pused canstic elkali is certainly not niléd ssnnered materiel,
Aside froa the fuaing that occwrs while metsl is boing electro-
1yzed, there are several conditions that nced to be watched eare=-
fully whils the proocsss 1s in operation., The first ssuticm is the

maiter of spattering., Water can never coae iz contact with the het
solution becanse this will cause gpattering o occouwr, Next, slees
trical coatasts sust bo solid Lecsuse any eclestrie are caused by
a loose connoetion (as ia the case of the flexibdle leed to the Jig

holding the ware in placs) =ill cause a slight explosiom at the
surface of the alkall dus to the escaping hydrogen forasd during
slectrolysis,

Frior to cleaning with livs steas, tis danger of spattering
did exist wien test pletes wars reaoved froa the bhot alkall ead
dmwediately plunged iato ¢old or hot water. This dsnger was elise
Snsted by using livs steea tut with this improvemeat, a mew hasard
was istrodused majch involved obmoxious fumes given off during the
rinsing process. It vas necsssary to afford proper ventilatiem
while perforsing this operatiom,

ie Loss end Caineineweight studies of sheet steel iz fused alkall,
a. Uethod,

Two by four inch samples of 22 sad 20 gauge standard sheet
steel gtock were used ia the tests, Oréinary commercial grade of
20diun hydroxide alkall "A" wes used ss the alkall medlum, The
alkall wgs heated to & temperature of S00°F and maintalned at that




toaperature to within ¢ 0,2 alliivalt o9
lol'thrm pshntto-.m.
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The redustion series oonsisted of plates sumbered es follows:

Flate J12 algle
Flates /12 & A1) Godkle
Fetes 14, N3 & N6 trirle
In addition to the abeve tse peries, sepsrate test plates were
imwersed for a thirty aisute period essh on & straight 'mossurremt?
eyele (Flate £17), etraight oxidetion (Flate /13) end streight re-
dustion (Flate £29).
cliode
The data sheet for the changes in weight of the separste test
plates for the oxidation seriss are ss reporied in Table 1, pege X
and Table 7, page 38. The specifis gaim or loss in weight values
for the oxidetion series st shert time intorvels apjeers in Tebls 2,
page 2 and ie oot forth ia cusalative gain or lose in weight as
reflasted in Table 3, page 33,
The sumerical data for the exidstion studies is portreged
groghisally (ese Graphs Nos. 1, 2 wd 3, pages X%y 35 end Ya)e
The data sheet for the changes in weight of the seyerste test

plates for the redustion series are es reported im Table 4, pege
3% and Tadde 7, page 33. The specifie gain or loss in weight valwmes
for the redustioa series at short time intervals sppsers in Teble 3,
page 37 end 18 set forth in cusulstiwe gain or loss ia weight as
reflected in Tohle 6, page 3.

The numeriesl data for the redustion studice is portrayed
graphieally in Graphs Nes. 4, 5 snd &, pages 39, 40 and 40,




TABLE 3
X IDATION '.l'nmt? L
FUSED ALKALL
eaperature of Alxsli
Effective Yoltage

Effective
it of We

= Grems

§6 =da 0 1 #8, "

38,923 | 38.8264 39.1083 9720 732
", 9250 *,1096 -, 9736 ".4T9
" 924k " 827 -

= 9287 8291 =, 1090 "7
", 8308 =921
".8351 ".99%05
., 8335 »,9830
8311 *.9%18
=, 8320 - 9790
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TAELE &

REDUCTION G‘nﬂh'll' STEEL
FUSED ALEALI

Temperature of Alksli = 800°F
Iffective Voltege = 4 Volts IC
Effective = 14 Asperes
Tnit of Te = greag

Tine
(sinutes) [ 711 712 and 1)

Original
Teight or
Jero Ti=e 31.6600 | 31,6776

0.5 "6622 6787
1.5 ®,7060 ",5758
".6616 *,6788
"J7110 | *.6660 | ".6845
" 6804 6720

".6435 ".65T4 6478

*.61% ".6047 " 6400
= s ——————e ks e v

2.0
4.0
40
4.0 ".6642 *,6605
4.0
10,0




TABLE S

GAIN OR LOSS IN WEIGHTs
A3 REFLECTED IN TABLE 4




TADLE 6

CUMTLATIVE GAIN OR LOSS IN vElCGHT+
AS REFLECTID IN TABLE 5

Tine
(2inntes) anlmnamlﬁldslﬁimo

045 450006 | +,0022 | +.,0011 | ,0082 #0000 | =,0008) +.,0017
2.0 *008, | =004 | «,0018 | ¢,9010 | «.,00R | «,0019] =.0043
4.0 +,0016 | »,0012 40006 | ¢,0031 | 40009 ] ¢.0028
840 +,0062 | +,0069 | +,0035 | +,0029 | +,0045
12,0 20245 | =003 | =005 | =,0070 | «.0009 | «,2055] «,0126
16,0 20502 | =.0237 | «017) | =.0006 | «,0095 | =.0034] «,0083
20,0 0264 | =.0202 | =, 0040 | =.0122 | «,0093} =.0066
».0 1005 | =0451 | «,0826 | =.0190 | =,0200 | =,0195
Gatin =4
Loes LX)
Unit of ledght = grese

TABLE 7

CAIK OR LOSS IN FEIGHT QF
SUEFT STREL JIN FUSED ALKALI

(hirty Miaute Pcriod)

ORIGINAL FINAL
SOULE PO, IREATMENT 4 YQLIS AMIS <EEIGHT. INGIK RICTERENCE®
17 No curreat - - 31.3708 n.3%8 - 0324
18 Oxidation 4 b7 3 n.bes3 16768 =s2075
19 feduction 4 12 1.1820 30,0762 =,1058
Tegerature of Fused Alkali - 800°F
* Loss =

Galn
Unit of Veight = gramg
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3. A stndy of the surfases of setals which were prepared fer ensseling by
treatmen? in fused elkall,
s. lothod,

The preceding lose and gelmeineveiyht study rives evidenoe of
the faed that @ tiwe pericd of froa two to four mirates in fused
alkall sas the eritical time ef fssersion fnsofur as speciel eondi-
tioning of the metal surfsses is comcermed, Accordingly, it mas
decided to set up @ serivs of metals and using a speeifie tresting
tise, the sffect of the alkali on such metal surfaces could be ob-
served, Previous investizational work pointed to the fact that e
tespersture of 800°F was n0st fevorable to the eperation of the
oquipsent and that this tesperature produced the greatest nusber of
conaistent seuples uith o given alkali, It was declded therefore,
that 800°F would be the temporature o use in thie perticular ime
vestigation,

Zazplea of shoet steel and stainless steel were imnersed in
coamercial alkali "A", The test pieses were either oxidised,
recuced or simply imasrsed in the slkall with the electrolytiec eire
euit closed. "hen the plates were electrolysed, the effective velte
sge used was four volts vith g currest density of fourteea amperes.
As @ control for appearsnce, a plece of sheet steel was acid plch-
led and @ plece of stainlees steel was senddlested, Minsing end
drying was in seccordance with the best practice as reported earlier
in this report.

Rosults,

After the elecirolytis alkali treataent or after plais immersion
in fused alkall sech test plate yielded a surfese hich was very
speeifie in its eppesremce, Figure 3, pege 42 containe photegrephs
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of the surfaces of the various test plates. Lech photogragh is &
section of the metsl plate ssgnified seversl diascters. Cblique
1ighting sus used to emphasise the detail. 7roa tiese photographs
it con be seen thet the oxidised sheet steel (Fo, 1) pocsessss a
docided *oxidie® cheracter which is wniforaly s reicish browa to
black eolored fila on all plates that received tais particuler
treataent. 411 kinds of color can be obtsined depending upon the
lenzth of exposure, kind of alkali snd tespersture,

The reduced gheet steel (¥o, 2), after clectrolytic treataent,
was free of the oil and the few rust spots thet covered its surfese
originally. The final color of this test plate wes a motallis gray
color very aisilar to thst obtalned by the acid pickling technique
(¥o, 4).

Isnersing sheet steel in fused alkalli for a two mimute peried
at B00°P without electrolyxis results in o tent plate o, 3 that
has an eppearsnce siallar to that of s test plate which received g
reducing treatacnt ia fused alkali, The eoler is slightly differeat
hovever, tending to a gray rether than a silvery metallis apresrance.

Stainless steel test plates, on a redustiom eyale (Vo, 5),
take on a straw yellos ecoler shich coler is et too promousced, On
plain dmeersion (Fo. 6), stainless steel is ¢iscclored to a fesble
btrown ocolor. The fused a2lkalli resoves the skiny silvery appesramce
of clean comwsrcial stainless steel.

Inagauch as preprietary cospound alkeli "B® was especially
recossended by the supplier es being wery suitadle fer clesning
without using en electrie curvent, it was decided to rum a few
shsst cteel test plstes in this matsrial and ecmpare the results
with thoas test plates obtaised ky imsersion in alkali A" under
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the eane conditions of tias and tempersture.

To meke the foregoing study rather complete, two and four
=inute imsereion periods were decided wpon. The results of plaia
{mmersion of gheet steel plates in alkali “A" snd "B° is reflected
Ly zeuns of photogrsphe that sppesr im Pigure 4, pege 45. A viswal
exnsination pointe to the fact that there is not very such of a dife
ference betwesn the two alkslies as to their effect on the eurfase
and color of the metal, All test plates possessed the usval metallie
gray eolor charscteristie of meid pickling.

At this point it was decided that & procedure be established for
investigating the relative merit of warious electrolytic treatasnts
vaing slkall "A" end alkeli °C®, The series of trestucnts thet wes
finslly selected conslsted of oxidation; reduction; no-gurrenty
exidation=reduction; reduction=oxidation; and finally reduction
oxidationereduction, Two winute pericds were allowed for esch of
these treatwments, In other words, the oxidet!ionmreductlon trestasat
required a total of four alnutes (two sinutes oxidising snd two min-
utes reductiom) while the reductiomeoxidatiomereduction trestaest re-
quired six mimutes,

Pigure S, page 46 shows the results of ths various cyolie treste
aents, These enlarged photegraphs illustrate t:o specifie charaster
of the surface of the siest stesl plates with eech treataent, Agein
on visusl exaulnation, the iifferenses in eppoarance are too small
t0 indieste greater or leeser merit of one alkali over the other or
the merit of one electrolytis trestaent over enother., In Figuwe S
Just refsrred to, the letter “0* represente oxidstion whiils *A®
represants redustion, "NEeC" indicates that 0o current wes used dur-

ing the immersion period or ia other words s ‘nonselectrolytie’ pre~
‘e88e




FIGURE 4

Fhotographs (3X) of Surfaces of letal
as Treated in E=3
Showing Effect of Alkall and Tamersion Tisze

SHEIT STEEL - 800°F




FIGUAT 5

Faotogrephs (2X) of Surfeses of letels
a8 Treated in =3
Shoxing the Effest of o Cyulisstreatmend

SUET STIRL - 800°F

ALRALL *A
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4o A study of the firing range of cobelt ground=coated sheet steel samples
prepared for ensmeling using fused alkali °A® and electrolytic treate
aonte
as [llethod

Troa the preceding ¢ xperisent it wes evident that were vismal
exaxingtion of the test plates after treataent ia aliali would met
be sufficient to deternipe either the efficiency of the slkall or
the treatasat during ismersion, At this point it Lecass spparest
that the sstisfectory cherscter of the metal surface trestasst would
rest with box well such trestaent contrituted to the quality and
adhorence of an cnmmel shich wes fired onto its surface, Thus it
was desided that the merit of a particular surfece trestaent would
be deterained by measuring emassling charscteristics., Lefore this
oould be accomplished it would be aseessary (o estallish the firiag
charasteristies of an snawl em such specially prepared metal swrw
facag.

Acoordingily e cobalt groumd cvat enasal was melected and made
ready fer application to test plates that had been given elestre»
irtie or nem-elestrolytie trestesat ia fused alkall ®A%, Three
trestasnt procedures were sslected for the test plates to be enemsled,
These trestasnts comsisted of oxidaticmmreduction; reductiom-exide~
tion and acid piskis as e contrel, The time of tvestnmt for each
treating oycle was two ainutes, 7The teapersture of the bath wes
800°F. Klectrolysis wes eendusted with an cffective voltege of fowr
wolts snd fourteem emperes ssrves the plates. Ihe plates were rm
through the elestrolysis s;paratus three et one tise, icid pleklisg
was asconplished using the stasdard acid plekliag teshnique, All
plates ware dijred ia the ocbalt ground coet cnamel o the seae dry




48
weight basis, nawmely forty gress per square foot of sheet metal
steek,

A firing range from 1400°F to 1750°7 with 50 degree intervsls
was st up. A firing sehedule of three and five xisutes wes eaployed.
Two plates were fired for three ainutes at ¢ specified temperature
and oue plate wes fired for five aimates st the sew tewerature,
One test plate for the thires minute firing treatment and the ome
plate for the five ainute period was subjected to an acherwnce test
by zoans of a felling weight device previously descrided,

Cats and Results,

The resalts of firing these test plates are recorded in the
photogragh of Pigure 6, page 49. It was found thet the five mdmute
firing peried did met appreciably shift the [firing some and 1t was
therefore concluded that ¢ photograph of the !five-minute’ series
was not of sufficient importsnce to be included in this yeport.

Tue ‘oxidisedereduced’ sewples of mstal efforded the larger
mmber of better quality enameled surfeses and ¢id have better adber-
onos than ¢id the *redusedecxidised’ series. 7here was wery little
%0 chicese betssen the ‘oxidisederedused’ and the asdd pickled sem-
ples.

The experimat did furmish evidense that in subsequent imvesti~
gations eobalt grownd cost enansl of the formulation used this invest-
igation eould be fired at 1550°F end for three mimutes, With this
engmel snd its firing conditions imown, eny sheet steel senples sub-
mitted to later alkall treataent can be evalunted in terns of how
.ftuuuht!atmmthwmum




FIGURE 6

m

otographs Illustrating Firiag Henge of
Cobalt Ground Coats on Sheet Steel
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S. A oomparisca of the acid pickling techinique s s means of prepering
shoet steel for onamelisg with eobalt greumd costs as ageinst metal prep=
aration bty sesns of fused slkall without elactrolyuis.

S8 Yethod,

The preceding experismnt (E=f) was concerncd prisarily with
enassl surfases obtained on metal shich had bees prepared for ensn-
oling bty electrolytic treatmmnt in fused alkeli, This method elimip-
ated for a moment the poseible walue of clewring and prepering metsl
for enemwling using fused alkall but without slectralysis. icoords
ingly this perticulsr investigetion was deelded upon to deteraine
the value of fused alkall without electrulysis compared to ecid
pickling technique,

Alkali "A" and alkall *B° were wsed in the test, The pieees of
sheet iron were immersed for twe mimute and four aimute periods, The
tempersture of the alkall was 800°F,

After esreful rinsing and drying, sush plates were dipped ia
@obalt ground coat ensmel (ia the sase mennur as the previcus experi-
ment) snd then dried end fired, Sieet steel ssasples thet had besa
acld pickled were used as comfrols for evslusiing this method, Sush
neid pickled shests werv smameled and fired iu the sene sammer as
elkali trested sheet stesl samples.

The firing tespersture was 1550°F and for a firing time of
three uimites.

The sexples were tested for adherence bty the falling weight
method,

Deta and fesults,
Figure 7, page 51 illustrates the kind of adherence obteined

by fellowing the procedure dessribed im "a® sbove., It cam be ob-




FIGURE 7

inotograghs liluscreting Lifect of Alkeli
end Ismersion Tiws in Piring Cobalt
Ground Coats on Sheot Steel

ALKALIA ALKALC
N.C. AP

2 MIN. 4MIN. 2 MIN. 4 MIN




52
served that all test plates show equel good quality and good edhere
ence, It might be comcluded erromecusly them gt this peoint that
electrolysis is superfluous in the treatment of shest steel for swde
ssqguent enaseling ojeraticns,

Pefore this conclusion 13 arrived at, may the caution be offered
at this point that the sheet steel esmples i:sed happened to be par-
ticalerly free of 1ron oxids scale and other inclusions and, as wes
pointed out sarlier, the fused alkali alone is not efficient in re-
woving scale and other sinilar eontaxinents,

6o A comparison of the relative velue of alkall "A" with proprietary alkali
*C* for preparing sheet metsl for snszeling with a cobelt grownd ccat.
8. MNethod,

All sxperimental work up to this point has indicated that the
eleotrolytic technique held forth the beat prvaise for doing the
st sdequate job of preparing sheet steel for subesquent poreslein
enameling, Acoordingly since two nlkall substanses were cm hend to
do this particular task, it was decided to set up the seme series of
electrolytlc treataents as wsed in experisent jie) and recorded in
Figwe 5. The wual *non~gurrent’ and acid pickle esntrols were
likewise included. The treating tize was two and four ainutes for
eash of the eyules and the tesperature of the alkall bath was held
at 800°F, The effective voltege was four volts and the swrreat
density fourteen saperes. A tetal of fiftyesix test plates were
dirped in the cobalt ground eost used in all tho previous irvestie
gations, All enameled plates were fired at 1550°F for a three mine
utle firing peried. All sesmples were sarefully marked as to the
partionlar kind of treatasnt that the besic mstal received. The
finished enamsled plates were tested for adherence using the standard




falling welght method,
Tata end Resulls,

Figure 8, page 54, reflects typlesl eam:les from each of the
test merice. The sasples are arranged under alkali "i" and alkali
“Ce® ywith a further subarrangesent to cover the two minuie snd four
ninute cycle treataent. in exaainstica of the results of the sdher-
onte tests showe that there is very little to chooss in the way of
one tleening or surfece prepering techaique over the other, The
sdherence test certalnly does show however that the four ainute ey«
clic treatasat $p no better than the two minute treataest and 1
therefore a possible waste of eleetric energy and tiss. The test
resulte further indicate that alkall *C* gives no Letter perforaamee
than does alkall ®A®, when the factor of adherence is used as the
sole sespure of quality.

7. Study of oxidation wnd reductiom treataeat in elkali °C” and the effest
of eobalt gromnd coet o euch sheets,
8. lethod,

The preoeding experizent, I«6, covered a total of seven special
treatasnts given to sheet steel while nsing two differsst alkalies
snd two tise periods for trestesnt., The results were not too eom~
clusive in favor of eny special techaique or in favor of a partiscler
alkall, Howsver, since coasidsrsils outsiée ccamereisl interest
exists in favor of alkall "C" as & proprietary msterial, it was deemsd
wdvigable to sore thoroughly investigate the value of alkall "C® oo
& cleaning aedima, Accordiagly s weries of sheet sauples was sub-
Jjected to oxidation treatmest em a two minute cycle and anether
series was given a four aimwte oxidising trestwest, Also a number
of sheet steel samples were redused bty slectrolytic iwmorsica im
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fused alkall °C® for a two minuste and a four minute period.

The foregoing procedurs was decided upon 50 that after enamling
aid £iring the resultant adherence test might ialicste something of
isportance as to sbich specialised electrolytic treatasnt to use or
shether or not alkall *"C" was superior im some way to ordinary com-
woreial alkell designated as alkali "A® in the series of iavestige~
tions reported herein,

Data and Mesults.

The results of the edherence test and tho general appesranse of
the enemeled test plates obtained s a Tesult of the trestuest des-
eribed in the foregeing paragraphs 1s showm in Figure 9, page 95.
An exaaination of the test plates that aprear in this figure indisates
that the sdhercnos and enameled quality e no better tham thet ob-
teined from acid pickle sasples or sny other of the fused alkall
troated tast plates,

8. The effect of slsctrolytic versus nomsslectrolytio tresataent of sheet
steel in alkeli "A" using single eover coat enamel,
8. Hethod,

The oobalt groumd ceats were mot too suceessful as a weans for
reflecting end evaluating the results of variocus elsetrolytis treat-
ments and other special treatasats given sheqt iron sasples subse-
quintly cnameled. Inasmuch as the tread im the industry todsy 1is in
the direction of single shite cover cost enamels it was theught that
if = sstisfactory suasel of this type were coupounded and applied to
sheet metal subjected to the electrolytic fused slikalt techmique

that 1t =ight be a way of indicating the relalive merit of such treate
ment in a more satisfastory manmer. This lire of ressoning suggested
that shest metal be prepared for enaweling by using electrolytis




FIGURE §

Paotographs Illustrating Effest of Time and
Cyclio Treatmest in Alksli *C" in Firing
Cobbelt Ground Costs om theet Steedl

ALKALIC”
0 R

2 MIN.
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oycles of two and four minute oxidising and reducing yeriods in &
given fused alkall and compared with the eurface trestasnt obtalmed
Ly sisple imsersicn in fused alkall without an electrolytic trestmeat,
Again, acid pickled sheets were rum as a control,

Ueta and Results,

FPigure 10, page 57, shows the results of the degree of adherence
and the quality of ensmsled surfaces of the alksll series test plates
odbtained $n this perticular experisent. It can be noted that all
plates that hed been subjeeted to elther the electrolytic or nce-
slectrolytic alkali technigue produced plstes that geve wery poor
adhorence and poor eppearing engasled surfaces. The scid pickle
ssmples were imroved noticeshly,

9. The effect of cotalt selt adlitions to fused slkald,
8. listhod,

The preceding experisent indleated that the fused allmli teshe
nigue was not too succesaful for preparing sicst metal samples for
subsequent enameling with @ single cover coat wiite emamel, Such
ensaels siaply would not sdhere due possilly te the absence of oobalt,

At the present time, throughout the enamel industry, consider=
stle work is being dome in the way of oolalt and nickel flashing
sheet irom in opder to promote enamel adherence., These special co-
belt and nichsl flashing teshalgues in the industry todsy ere extrs
operstions in the usual surfece treatasat of sush metals. The flesh-
ing 1s accomplishied in special tethe end asy or aay not employ elee-
tro-plating techriquee for applying the filss of cotelt or mickel
sstal, Bons of the techniques for doing thie work esploy tempere~
tures beyond 150°F,

Chenicsl litersture is cowpletely barrea of eny informatioa om
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eotalt flashing or nicksl flashing in fused esnstic alkell in the
temperature range of 800°F, Aceordingly it wes decidect to try to
&issolve or to disperse snhydrous cobalt chloride in fused caustie
alkeli end to Jower a sueet metal test jlate into this mdxture at
a teapersture of 800°F and to attespt to deporit cobelt in some form
on the surfaces of the metal,

Two serics of plates were prepared. 0ne series consisted of a
too=ninate imsersion trestaent on a reduction cyele in fused alkall
C", Juat prior to the removal of the test plates, eech was given &
thirty second oxidation treataenmt, then rinsed, dried and ensmeled
with aingle white cover coat enamel.

The other series was given a two ainute oxidation end a two
uinate reduction treetsent in fused alkall “C®" to which there hed
beea added 30 grams of eobalt chloride. Again, just prior to the
renovel of the plate, a thalrty second oxidation trestmest. Duricg
tais oxidation, cobsalt was deposited on ihe test pnlate as was nede
evident by the tlus discoloratioa charssteriatic of ecobalt oxide,
The sbove method was good fer tresting es many as eight samples in
this manmer, Duriang the preparatioa of the ninth test plate, om the
oxidation eycle, the voltage and anpersge ¢id not resaln stesdy dwe
to local slestrolysis on the surface of the sieet metal plate,

The sight seaples prepersd by this specisl technique were ecare-
fully rinsed with live stean and eir dried in an oir ovesn. These
cotalt oxidivzed coated metal smmples were dipped im the slngle white
cover ooat enamel used im the preseding ex;erimest and were fired at
@ teuperature of 1450°F for a three minute peried sad finmully gives
the ususl ensmel adherence test.




»
b. Deta snd Results.

Figure 11, page 60, shows tee typiesl semples of sheet metal,
ome from eesh series, enameled with the single ovver coat white
ename)l as expleined gbove. The speeimen on the 1left 35 a plece of
sheet metal treated on the redwoticm cyele in fused alkall that did
not have eny cobalt chloride salt present éuring electrolysis., The
sample on the right is ome that had setalt cidoride o its suwrfade
prior %0 dipping in the cover cost enassl, in exmainetion of the
two specimens indicates that the cobalt free sagple frestures ia
long splinters that reedily flake smway from the metal tase. The other
tost plate indicetes fractures that are very suall and needle like end
are somsshat more diffieult to reaove from the base metal. The stes-
dard ensmel adherence tester does not show ary marked degree in the
difference of adhersmos.

Although the experimentsl evidence 3s not too conclusive, the
belief exists that the atherence of the shite cover coet emaml was
sl1:htly improved by the sddition of cobelt during the elestrolytis
treatment ia fused alkali,

4n examination of the imndividusl flakes of ensmel that oem be
pesled away fream the test plates shows twe distimative exidie surfeces
st the interfase. In the sase of the cobalt free sawmple, the flske
is gray to twowa ia sppearance and is without a decided luster, where-
es the flake from the cobalt trested experimast is blwe=blesk ia
color and hse a kind of glesay appearance, Sasples of the ensmsl
flzkes were subjected to Xeray analysis snd the results of sush X-rey
troatmat 19 reported in sectiom 5-12 of this report.

10, A stuly of the valuwe of the fused alkall technique in preparing staizless
steel seeples for enamlisg,
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Bethod,

Standard industrial preetice for preparing stainless steel for
enaneling consists of eandblesting and anneslimg the stainless steel,
The fused alkali techoique has been found eucoessful in preparing
notal for tinning and badbditing and it was therefore decided that
thie method should be investigated in order to determine if it might
rrove as satisfectory as sandblasting for prepering stainless steel
for enameling.

Acoordingly ctainless steel saaples ware izmersed in fused alkall
and subjected to electrolytic treataent to the saw munber end kinds
of treatsemt as given to sheet stesl sesples reported in experimest
E=by

The fused alkaii bath, coneisiing of slinli "i® was mainteimed
at 800°F and esch eleotrolytic or iwesersion tresataeat was of four
ninutes duration, Aleo the effective voltage was four volts and a
euwrreat density of 1l4=15 amperes per test plate ves employed,

For purposee of comperison, stainless steel saaples were anmealed
and sandblasted; annsaled and eeid pickled; and seid piekled,

All stainless stesl samples were marked and spruyed with the
shite cover cocat esemel used an the sheet steel samples reperted ia
preceding experiments, The onessl samples weis fired st 1450°F fer
three ainutes aad subjested to the falling weight epparstus for teste
adherenoe,

Data and Results.

Figure 12, page 62, shows the results of scherence tests snd
the appesrance of the enamsl surfases, The test plates are arrenged
in the erder of nusdters 1 to 9 inclusive., Notes on each photegreph
are as follex.a




PIGURE 12

Fhotographs Illustrating the Effect of Surfass
Treataent of Stainleas Steel in Fused Alkald




IREANRD Ireatment
lioe 1 Oxidised peer
Bo, 2 Redooed falr
Ko. 3 To=current feir
No. & Oxidiged and reduced fair
Ke. 5 Rednced and oxidired wvery bed
Ko, 6 Recuced, oxidived and fadr
rednced

Koo 7 Anpealed and senddlasted  fair
No, 8 Annealed and piekled fair fair
Yo, 9 Asid piekled feir falr
The foregoimg points definitely te the feet that oxidized surfases on
stainless steel do not lead themselves to satisfactory enameling,
The ‘reduce, oxidise and reduse again'® treatasnt is tnmecessary whea
mu@.u«-u-. Siaple reduition appeers as good ae
aonealing, sandblasting, pickling or any cosbingtion of these latter
asthods, The 'somcurrenmt’® c¢ycle appears 0 'e as good as the reduse
tiom cyele.
11, A study of the vee of fused alkall without electrolysis ss a means of pre=
paring stalnleas steel for enawsling.
e dsthode

The feregoing experiment {110} indieated thet fused alkali,
without the slestrolytis effest, spresred satisfactury fer preparing
stainless stesl for subsequent enamling with cane cover cost white
eneml,

Inasnuch @9 there was avallable s comsercial alkall, alkeld *5°,
spesifically reccamended for its ecleaning ability without the use of
elestris curreat, it was decided to inwvestizals tiuls asterial amd
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compare it with the results of osustic alkall "A" used in the
previous experimsnt, Further, since the investigutions of the pre-
ceding experissat (E-10) was earried out om the basis of four mis-
ute tresting eyclee, it was decided to lnvestigste the wulue of two
nioote cyeles.

Accordingly, two series of alkali runs without electrolysis
were made on steinless steel specisens., The alkslies used were
®A" and “B°, The teapersture of the alkali wes again 800°F and the
time gyvles two and four alnutes,

The separste stainless steel plates were gpreyed with the
cover coat enasel, them dried, fired and tested as in experimeat
b,

Data and Results.

Pigure 13, page 65, shows four enameled plates obtained Yy
this experisent, The ensmeled surfaces of sl) four pieces eeuld
be adjuiged fair to good., The adherence was distinctive to the
extent that the twe aisute sasples displayed a lowsr cegres of
adherence than did the four aimute sawples. All in all alkald
5% did et perform to any more euperior degree tian did alkall *A",

12, XeRey Investigatioms,
a, lsthod,

1a perferning the serise of axperimsntal presséure reported
in tals work it developed thet twe areas were of particulsr inter-
oot that warrasted further iavestigatiom by use of Xeiay teshaigwes,
Ons of thess aress involved sheed stesl end what happensd to the
swfaces of the stesl whem it wes subjested to trestasat ia fused
alkall by <he oxidstion sad redustion elestrolytis techaiques.

The other aree involved deterniniag by imiays what say have




FIGURE 1)

Factagrephe Illunstrating the Effest of Time
in Pused Alkelies for Freparing Stainless
Steel for Imascling with Single Cover
Coat Fnauel
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nappesed shen cobalt ehloride wes deposited U slesirolysis em
an oxidation eyels in fused alkslf and how such depositiom mey
have influspced the degree of adherence of a single whiite cover
coat enamel that was fired on the plece cf metal prepared in this
Renner,

For the X-Ray iavestigetional work, a ccbelt tude at 30 EV
and 10 silllagervs was used. The specimens were mountsd within
the eassrs at an angle 5o thet the incident Ieilay Lean grased the
ssaple, The imcident ray was directed through s pinhole systems
with a limiting diemeter of ,025 inches, Am irom oxide filter
was nounted om the sellimstor ia order to have monochromstie
XeZays. Lxposure tine was four and one-half hours durstion,
Diffraction Fatterns.

A total of six IeRay pictures were takem. Thess pictures are
as followss

Pigure 14, *A%, page 67, shoss a diffractiocn pattern of sheet
steel that had received an oxidised trostasnt im fused alkall,

Figure 14 ®B%, iz a diffrastiom pattern for shest steel re-
dused in fused alkali, The fewsr number of linecs due to irem
oxide cen be noticed ia this pisture.

Hgure 14 °C", 1s a diffyestion pattern for sheet steel which
reseived an acid piekle treataest. The auster of lincs are the
sans as for the redused sheet i "B® ghove, There is a decided
shift hosever of the lines im this pietwre over the lines visible
in "B%,

Figure 15, page ¢9, contains a seriss of diffractiom patterss
for the emamel flake and ite surfasss. The preparstica of the
enaml and its surfeces is as explained ia experiamt K9,




FIGUAE 34

Piffrection Fatterns of Sheet Steel
Surfsce -Conditioned by Several lethods
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FIGURE )5

Diffraction Fatterss of Emswel Flakes

4+ Topesids of Mite Cover Coat Rasmel.




IV, STMMARY AND ISTERFRETATION OF RESTLTS

A. Interpretstion of the detsiled findings of the twelve exrerimental wethods
reported in thie work,

A review of eection III of this report imndicates that a rather wide
field of experimental procedurss was followed in order to leterzine the
merit of the fused alkall technique as szsinst the standard scid plekling
aethod for preparing metal surfacee for subsequent poroslain enameling,
Before any final conclusions are drawa it was desmed desirable to briefly
sunuarise and interpret the deteiled findinge of eeth of the experiments
rerformsd,

Ixperiacet Ko, 1, page 21, ves designed to sequire experience with
mwmwuutoémummtmmu
lizitetioas of the squipment. The fused alkali technicue requires a eem~
sidoration of certaim details that ia stesdard eeld pickling rrecesses are
not of too mush iwmportense, It was found that the fused slksli techmique
is sensitive to texpersture changes, offective woltage and curreat density.

Also, considersbls eare must be given to the meeessary rinsing operstioms

after the work hes been subjected te trectmsmt in this mediua, The fuged
alkall teshnique, simes 1t is s high tesperatwre operstiom, involves a
oertain number of hasards that deasnd respect im order to malw the presess
safe for normal eperatiems.

Experiasat Ko, 2, page 27, eatitled "Loss and Gaim-im-Teight Studiee®
was st up as the foumdationm work for the satire seriece of investigatiemal
procedures. At the outset of work on this prodlem, the impression existed
that the fused alkall technique, because of the high tespersture emd the
corrosive nsture of the material, would csuse s repid breshdomn of metal.
A revigw of the dats and results of the less sad gaine-in-wsight studies
roportsd in this experimest indiestes that the 1ees in welght is aegligible
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after iwnersioa for s thirty ainute period ia corrvsive fused alksli at
000°F even with electrelyris taking place Sn order to asaist decoapositiom.
Teo, before amy vork was dcne on investigsting this problem, 1t wes thought
that continued exposure to fused alkali on an oxidation cyecle would cause
a continuing increase in the degree of oxidation that a metal would em=
counter under these conditions. This impression wes likewise found untrus
beeause exaninetion of the data points to the feet that shile oxidation
does take place in the initial period of exposure, that on long treatasat,
the gain dw teo oxidation tends to level off and become constant. This
faot aight be interpreted to mean that the metal bullds up a degree of
raseivity end this having ocourred liaits the further effest of the fused
elkall snd elostrolysis.

In both the exidising end the reduction treataents there is a peinmt
ip tiae at which the grestest effect dus to sither of these processes tades
place. In the case of axidatiom, this eritical time period is in the renge
of twelve minutes exposwre to the electrulytis action in fused alkali, Ia
the case of the reduction process, this time iaterval is soms where between
eisht and sixteen mipntes of exposurs,

Freaination of Cruph ¥o, 2, page 35, indicates that the rate of oxide~

tion is a fumction of the sffestive voltage end euwrrent density astisg ea
that plate, A single plste in the fused alkall bsth i3 ested wpom %0 &
groater extent them is a pair of plates im parallel to eech othar in the

samw bath, This faot is exestly as expected shea the lewe of elestre-
chendstry are taken iate aceowmt in effording sr explanmatiom,

An exsainstiom of the redusiag effest as revesled im Greph Xe, 4,
rage 39, likesise points to the fact that voltare end currest weting uwpom
the exposed ware deteraines the degres of 10ss In welght thet a plese of
notal will encounter during this trestasat.
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Nost of the sucoessful work that was eccoamplishsd Quring the entire
investigetion was based om sasples of metal that had bLeen oxddined or ree-
duced for e periof of tise not to enseed twe mimutes. In other words, two
ainute exposure to the actiom of fused slkalil is sufficisnt Lo camse sure
fase resctions to take place on the metel which will specifically influsnee
the behavior of such metsl im sn enaseling operationm,

Experiseat Fo, 3, page 41, wes soncerned with the sppearance and chere
ooter of sheet stesl and stainless stesl that hud been exposed %o trextasst
bty the fused slkali. A sumsry of the results of the inmvestigations om this
predles would indieste that the surface of a metal eexz be bullt wp to aay
eonditimn thet is considered desirsble., Im other word:, the action of fused
alkali during an eleatrolytie or noneelectrolytie oycle, can be controlled
80 as to produce a plece of mstal vith a surfece eondition 'tallorwasde*
for any subssquent emaseling operation,

The most difficult problea in this entire investigation was the sbesnes
of a msaguring stick for the eveluation of mstal surfaces fur use in subse~
quent enawling., A revies of enamslisg literature isdicgtes that the sure
fuoe of the metal 1s of parsmount Llsportance (aside from enmmel compositiom)
but no information of the comelusive type exista to indieste spesifieally
wiat the metsl surfece shounld bs like for swsesssful emameling,

Tithoumt this cemclusive infermstion then o~ what metal surfaoee should
be 1like, the investigational werk reported hereia was cbliged te Le guided
bty the trial and errer method in erder U6 detersine whether or met exidizing,
rednetion, condinstions of thess, or jwst plaia imeersion in fused alkall
would be as good or superior te the standerd mstal preparstion techaiques
of the industry,

Experinent Yo, 4, pege 47, ves included early ia this iavestigatiom
for the reasom thet the procf of shish mstellie surfese wee mset desirshle
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would have to be deteramined by how well it would emamel. Since this them
becane the momsuring stick, it was necessary that enaseling practices be
standsrdized go that later experizcntal procedures would yigld results that
were uniform with respect to the enameling fsctor,

The fused slkali technique, ss indicated earlier, cen produce metal
platea that can be oxidized or reduced to any degree decaed deairable. This
fsctor required thst the performance of a darkened oxidized plate be checked
against the gray metallic sppearing reduced plate in order to determine
whether the presence or sbsence of oxides influences the quslity, the degree
of adherence, and the firing range of an enanel designed es a standard,

An examinstion of the results of this particular experiment incicates
that for cobalt ground coat enamels it does not seea to muke very much dif-
ferenco vhether sheet metal iz oxidised or reduced. This experiment also
furnished s slight amount of evidence that for a large number of samples, om
the gverage, a greater degree of adherence could be expected from those
setal plates that hsd received the 'reduction' treataent in fused alkali,

The foregoing statement mey be true for the reason that vhen reduced

plates are considered, ths possibility of loose iron oxide scale is resoved

as a factor causing poor quality or ware of low adherence. The 1likehood
exists that when a large number of pieces of metal are subjected to an
oxidiging trestaent in fused alkali, some of these pieces will not be en-
tirely freed of iron oxide scale, Therefors, percemtasc-tise, redused
plates sill show a better record of performance toward cobalt ground coats
than will oxidised plstes. In other words, the oxide layer theory in ex-
planation of snamel adherence is meither proved mor disproved st this poimt.
Experisent No, 5, page 50, was designed for the purposs of determining
whether or not it would be necessary to sdd the factor of electrolysis in
ordsr to moke the fused alkali techmique satisfastory. Accordingly the seid
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plekling technique was compared with the fused alkali technique without
eloctrolysis. As it developed there wes very little in the way of a differ-
ence between the twe techniques. This lest stetesent is made with the esu-
tion that the fused slkali technique without an elecirie current is good only
when the sheet steel is not excessively covered with irom oxlie scals prier
to izmersion in fused alkall, If too badly corroded, it requires redustion
treatsent in fused alkall to be as good as ecld pickled sieetas

The experisent considered alkslies ®A" end "BE" for the reason that
2lkeld "E" was furnished with & etatement by the supplier of the msterisl
that 1t wes particulerly adaptabls for cleaning awtal. The results of the
erperiment indiested that the performance of alkall “.i° and elkald "B were
on o par shen thelir emamsling quality is used as a measure of cleaning
sfficiongy.

Experiment ¥~ 6, page 52, was devised for the purpose of deteraining
the relative effisisasy of alkall "4i" with alkall "C" for preparing sheet
notal for snamsling. Ao exanination of the results of the tested enameled
plates points to ths fact thet the two materianls are equally suitable for

preparing sheet steel for emaseling with cobslt ground cost ensmels,
During the eleaning and eurfece preyering opersticas of shest stesl ia
alkeld "C*" it was cbeerved that the action was slizhtly more vigorous tham
the action ia slkall *4°, This setivity was msde evident by the greater
dogree of funing thet oceurred while alkall "C" wes in eperstion. This-
edditions]l fusing ¢id not result in eny apprarent chenge or appearance of the
metal vhen ezssined individuslly or measured by lacressed perforasncs during

cnamling.

Ixperiscat No, 7, pags 53, logically followed experiaemt Vo, & for the
resson that alkall "C" spparently was doing e mors vigorous job of prepariag
the surface of sheet stecl in some menmer. Ia order to ascertain with
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oorteinty thst sosething speeisl was going om vhils using aliall °C* 1t
was decided to run g series of oxidation treataents and amothier esrise
of reduetion trestasnte using thie materisl om sheet iron, !aving thess
surface treated teat plates, esch wes dipped 1n a cobelt gromd sost
enaml enéd fired to meturity. A eeb of test plates of sheet otecl that
had been oomditicmed by the acid pickle techaique were used as sontrols.
Both the fired acid piekle plates and the alkall treated plates were
exaiined for guelity ané each vas Jubjected to an adhercace test, The
overall performance of both setes was exactly the sswe, In cther words,
the rerforasnce of the alkall "C* treated plates was 1o btetter than those
platee trested bty alkall "A® in the preceding experiment, 7ith another
Xind of enasal or posaibly a deviation fros the gtandard firing eonditicas,
the alkali °C® treated plates aight have indicated something different
than shat 13 reported here,

Fxperizent 8, page 54, ie protably the most disappointiag of the
entire series, for the reason that caustic alkall oa the oxidation cyele
ehould impart the right nuster and kind of oxides thet would promote
enancl edherence 1f the oxidee of iron are a festor in deteraining enamsl
afwerence, Accordingly oxidstioa amd reduction in fuged alkali were the
wethods eaployed to prepare sheet stesl for snaseling with a single white
oover cost eneml, In eddition plates were imsersel in fused alkall with-
out electrolysis. Theee ensmsled pileces wers fired to asturity and cone
pared with aciZ piekled sheets likewise enaseled and fired. The results
were very dissppoinmting, The #8a%el sdherencs wes Very poor for all
susples regardless of eurfese preparstion.

Experinent 9, page %6, Thia experizent was doviged for the purpose
of deteruinlng shsthar or mot the poor performamse of the fused slkald
technique as Cowcastrated im the preceding experiment could be Imroved,
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It i well Inown thst cobalt plating end nieksl flashing does proacte
enawsl acherence, The oobalt and aickel flasiing or plating 1s scconplishe
od ot relstively lov temeratures and in s Deth specifically dosigned to do
the job, Chemical literature failed to indicate where colalt salis had
ever been used fn molten csustio for ths purpose of electro=depositing
cotalt on netals, The opportunity existed for giving this notion its first
trial and sccordingly s small amount of smhydrous cobalt chloride was added
to the molten caustic alkell and mechanically stirred 30 ss to effeet pogels
ble solution snd dispersicn. The results of the experiaent shows prozise
that cobalt can be flashed om metal at high teaperatures snd in the pree=
ence of caustio alkell, It le sdaitted thet the technique as employed in
thie pa-ticular experiment iz bighly inefficlent but further research and
Anvestigstion might contribute grestly to improve the efficiemcy of the
procees,

Experiment No, 10, yage 59. This experisent gave the best results
for the amount of work dome in iavestigating the merit of the fused alksll
technigue for preparing metal surfaces for enameling, Unfortumetely all
fastors that influente the behavior of metals that are prepared for ensiele
ing were pot investigated as theroughly for stainless cteel as was done for
eheot steel, The results of the experimemt indieats however that tho Sused
alkali techaique does as good s Job of prepering stainlese steel for enamsle
iaz ss does standerd sandblasting end sansaling, The most important obesr-
vation froa the experiment is thet the srecifie fused aliglli trectaent
shculd be coe of reduction in the alkeli rather than oxldetion, Oxidized

surfsces on stainless steel did not fire out very well at all,
Jxperizent ko, 11, page 63, Inaemuch as the yreceding experiment

pointed to the fsct thaet the fused alkall techaique (except electrolytie

oxidation) was satisfectory for preparing stalnless stesl for enameling,
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it wes in order to determine shether or aot the slestrolytio ayele ia
fused alkmli was absolotely necessary. Aceordingly plain fmsersion treets
ments were conducted with the time of imsersiem as the fectors for veris-
tion, The results of the experiment indicate thst plain immersiocn $s as
satisfactory as the electrolytie treatamt in fuped alkall, The optimm
tise of immerzien in this partioculer syplication was found to be four amin-
utes, It was found that the shorter peried of immreiom (two minutes)
resulted in pieces of ensmsled stsinless stesl that did mot have as good
adherente as those stich had received the four mimute treetmsat,

Gezeral Suwmery.
1. Sheet stesl end ocbalt groumd costings.

A review of the work dome points to the faot thet sheet stesl omn
be coated with a cobalt grovmd coat snd fired to a astisfactory ansmsled
surfase when such sheet steel is prepared for ensaeling by usisg the
fused alkell technique, The smemsled surfaces of sheet steal prepared
in this mssmer sre the sane sa sheet stesl enaneled samples that xere
prepared for enassling by the ecid pickliag proowss. The fused alksll
technique is mot superior in emy respect over the acid pickling tesh-
nique for preperiag sheet mstal for ensmeling with a cobalt growmd eset,
This eonslusion is arrived at by considering only tae fesior of enamsle
ing adherencs and the genersl appearamee of the snaasled swrface. The
fused alkali teshniqu doss mot broaden the firing Fasge for a partisu-
lar oobalt ground coat.
gs The electrolytic versus nomselectralytie trestmezt of shiet steel

in fused alkell,

Based on the laberstory woerk performed there is no esseatial
differencs Letween the elestrolytic and the nomeelestrolytie treat-
aont of sheet steel in fused alkall shen these msthods are empleyed
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for preparing metal for smaseling sith cobalt ground costs. The

one slight generzl exception from this obesrvation might be the

fact that the electrolytio treatssnt msay be superior to the nome

electrolytie treatment in the case oé sheot nstal stock which has
encomtered a rather high degree of rust, In this perticular in-
stance them, eleetrolytic treatmaent on the 'reduced' cycle should

give a better prepered metal sheet than would simple immersion im

fused alkall for the saze period of time,
b. The kind of alkali.

Three kinds of alkali substances were used in the various
investigations reported in the experimental procedmres, Ho reslly
merked differences in perforasace ecculd be asaigned to anyone of
the three alkall substences. A1l three alkslies yerformed squally
well on*either electirolytio or non-slectrolytic cyeles during treate
nent of sheet metal in the fused alkell, Alkald "C" did sppear to
reget with a alightly more vigorous action than c¢id clkali "A® at
the same teapersture and eyslio treatument,

2 chicet steel and white cover eoat senamsls.

The fused alkell techmique was not helpful in imgroving the quality
nd adnerence of single cover cost shite enamels, Based cm Lhe results
of the adhierence tests and the quality of the snameled surfoces, sheet
netel prepared in fused alkall did met fire out sy letter with this
type of enamsl than Gid sheets prepared by ths acid pickling technique.
In faet, the seid pickled sheets were sli:htly better,
ae The eleectrolytie versus non-electrolytic trestacnt in fuged alkali.

Just as in the cese of sheet metal with cobalt ground cost by
these special techuiques no apparent differecce was diseernidle
between these tso techniques spplied to metel fired with a single




oover coat white enamel,
b. Find of alkell.

The kind of alkali likewise did not meke very much difference
in the way sheet metal behaved towards the fired enssel efter treat-
aent in theee alkeli substances,

Jtainlens steel.

Stainlsss steel prepared for enaseling by use of the fused alkald
tecinique responded more seasitively to the alksli elearing process then
d1d the siiest stesl. Zased on the nusber of test pieces fired, the fused

alkall technigue sppears as satisfastory as senddlasting o= a sethod for

the preparstion of stainless stesl for emsusling.

8. Klectrolytic versus aco=electrolytiec treatusnt in fuped alkeld,

Thess two techniques were found satisfactary for preperisg
stainless steel for ensseling, with the exceptimm of electrolywis
on the orxidatics cyele in the fused alkali.

b, Uind of alkell,

The kind of alkali used for surfese conditioning stainless
steel does mot sesm to make very much differemes,
C. Censral statemsnt regarding the presticsbility of cobalt additicas to fused
alkall,

This particular phase of the investigational work was foumd most
interesting. is was explained earlier im this werk, for this partioular
experinest the euoumt of Laproved emansl adheremse was small, Fevertheless,
4t 45 believed that the slight inereass was prodused by the presence of the
150t £11n of cobelt exide that was deposited om the swfave of the sheet
mtal,

It 19 belisved that this is the first time eobalt salts were ever
deposited by slectrochemical maans om & plece of metel in the presesve of
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s frsed slksll, The laws of eleetrochemistiry may have bLeen violsted in
thds instance (as was incicated by the elsctrolyiic Lreakdosn) dut for the

ausber of rlstes odtained the sxperiment was considered sucoessful, Dy the

Juiicious selection ef chonical substances it may be posaidble to eobalte
flash in fused alkali under comtrelled conditions for any length of time,
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